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Spectroscopic Investigations in Connection with the Active Modifica- 
tion of Nitrogen. IV. * — A Band Spectrum of Boron Nitride. 

By Wilfred Jevons, A.E.C.Sc, D.I.C., B.Sc. 

(Communicated by A. Fowler, F.R.S. Eeceived October 23, 1914.) 

[Plate 2.] 

Introductory. 

Last autumn Prof. Strutt observed that the vapour of boron trichloride, 
when admitted into the afterglow of active nitrogen, developed a band spectrum, 
which he photographed with a quartz spectrograph of small dispersion. It 
seemed likely that this result might be of interest in view of certain facts 
already established in connection with compounds of the chemically related 
elements carbon and silicon, namely, that the interaction of carbon compounds 
and active nitrogen developed the cyanogen bands,f and that the vapour of 
silicon tetrachloride in the afterglow gave rise to a band spectrum of silicon 
nitride.* Prof. Strutt, therefore, invited me to continue the boron experi- 
ments with a view to tracing the origin of the new system of bands, and 
determining the numerical relations existing in it. 

The remarkable scarcity of boron lines lends additional interest to any new 
work on the spectroscopy of boron as a possible means of detecting hitherto 
unrecorded lines, or of eliminating others formerly attributed to boron. In 
this connection Sir William Crookes§ has shown that the boron lines are only 
three in number, viz., \ 3451*50, X 2497'83, X 2496*89 (Eowland scale), and that 
some linesll observed by Eder and Valenta and others were due not to boron 
but to impurities. 

The new bands have been attributed to the nitride of boron for reasons 
which will appear in due course. 

Experimental. 

In order to render a detailed examination possible, the spectrum was 
photographed with instruments giving greater dispersion than that employed 

* I, A. Fowler and E. J. Strutt, c Boy. Soc. Proc.,' A, vol. 85, p. 377 (1911); II, 
A. Fowler and R. J. Strutt, ' Roy. Soc. Proc./ A, vol. 86, p. 105 (1912) ; III, W. Jevons, 
< Roy. Soc. Proc./ A, vol. 89, p. 187 (1913). 

t II, p. 112. 

t III, p. 192. 

§ 'Roy. Soc. Proc.,' A, vol. 86, p. 36 (1911). 

|| Kayser, ' Handbuch der Spectroscopic/ vol. 5, p. 137. 
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by Prof. Strutt. This, of course, necessitated longer exposures. The arrange- 
ment of a pair of aspirator bottles and a muslin bag of chopped phosphorus 
described by Prof. Strutt* for storing and purifying the nitrogen had been 
found in previous spectroscopic work to be somewhat inadequate for these 
long exposures. After the aspirator had been emptied of its pure nitrogen, 
it was necessary not only to interrupt the exposure for the process of refilling 
from a commercial nitrogen cylinder, but also to wait some time afterwards, 
for the fresh gas to purify by standing in contact with the phosphorus before 
resuming the exposure. 

In the present work, therefore, Prof. Strata's holder was duplicated ; two* 
pairs of aspirators with bags of phosphorus were arranged o-n the same 
carriage, with a single drying tube and a suitable arrangement of glass taps ? 
so that a flow of pure nitrogen could be maintained for any length of time, by 
using the two halves of the arrangement alternately. In the meantime, the 
half not in use was shut off and refilled from a cylinder, and ample time was* 
allowed for the purification of the gas. The dual holder thus presents many 
advantages over the single arrangement for spectroscopic investigations. The 
remainder of the afterglow apparatus was exactly the same as that previously 
employed. 

The first experiments of the new series were confined to the interaction of 
boron trichloride and active nitrogen. The trichloride is an exceedingly 
volatile, colourless liquid, boiling at 18° C, and fuming strongly and decom- 
posing on exposure to the atmosphere. A sample was supplied by Prof. 
Strutt, and the remainder prepared in the Chemical Department of the 
Imperial College. It was made by passing chlorine over heated amorphous 
boron, and collected in a vessel cooled in a freezing mixture and containing 
mercury (to remove excess of chlorine). The product was finally purified by 
fractional distillation. 

On the introduction of the vapour of the trichloride into active nitrogen, a 
very pale blue-green glow is produced, the colour being readily distinguishable 
from the vivid green of the boron flame so well known in chemical analysis. 
The spectrum of the glow consists of the new system of bands, the three boron 
lines, and bands of impurities, namely, nitrogen and cyanogen. 

The New Bands. 

The new bands degrade throughout to the less refrangible side, and are 
quite distinct from the headless, wavy bands (Plate 2, strip 1) observed by 
others and tabulated by Kayser under the title of oxide spectrum.f The 

* 'Roy. Soc. Proc.,' A, vol. 88, p. 539 (1913). 
t ' Handbuch der Spectroscopies vol. 5, p. 138. 
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oxide bands consist of alternate, indefinite maxima and minima occurring at 
or near X639, 620, 603, 580,-545,518,493,471,452. The new spectrum 
extends over a very large range, namely, from, the red to the region of the 
shortest wave-lengths conveniently investigated with a quartz spectrograph. 
A general examination of plates taken with a larger quartz instrument 
showed the existence of two principal systems of bands. One of them, in 
the ultra-violet, is a very complex system in which some of the bands appear 
to have double heads on account of the overlapping of different constituent 
series (Plate 2, strips 5 and 6). The other, occupjdng the visible part of 
the spectrum, is of comparatively simple structure, and consists of prominent 
bands with double heads (Plate 2, strip 4). As the dispersion of the quartz 
instrument is comparatively small (25 — 50 A.U. per millimetre) in the visible 
region, for study in further detail this portion of the spectrum was photo- 
graphed with a Littrow prismatic spectrograph, the dispersion varying from 
about 8*5 A.U. per millimetre near X 4000 to 40 A..U. per millimetre near 
X 6500. 

The heads were measured with regard to an iron comparison as far as 
\ 2330,* beyond which point the copper arc was employed as the comparison 
spectrum. No measurements have been made of the structure lines of any 
of the bands. 

The Less Refrangible System (a). 

On the larger dispersion photographs, not only do the less refrangible 
bands appear double as stated above, but each of the component heads, A and 
B, is itself a close doublet (Plate 2, strips 2 and 3). Thus a typical band 
in this region may be said to have four heads, Ai, A 2 , Bi, JB 2 . In the case of 
Ai and Bi the structure lines fall off very rapidly in intensity as their 
distances from the head increase. A 2 and B 2 , on the other hand, have series 
of structure lines which are easily resolved on the photographs, and persist 
in intensity for considerable distances from the heads. These features may 
conveniently be represented diagrammatically, as in the figure, the heights and 
slopes of the curves indicating roughly the variations of intensities of the 
lines throughout the band. 

From Table I, giving the results of measurement of this system, it appears 
that, in the first place, the two doublets Ai-A 2 , Bi-B 2 of each band have 
the same interval on the wave-number scale, and this interval is constant 
throughout the system. The measured intervals vary between 11 and 15, 
the mean being 13. The discrepancies are attributable to the extreme 

* The head of smallest wave-length measurable by Burns' Iron Arc Standards 
('Zeitsch. f. Wiss. Photog.,' vol. 12, p. 219 (1913); 'Lick Obs. Bull.,' vol. 8, No. 247 
(1913) ). 
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difficulty of measuring a close pair of heads with precision. The difficulty 
is enormously greater in the case of bands than of lines. Secondly, the 



A, A 



B, B; 




component doublets of a band are also equally separated throughout the 
system within the limits of error of measurement, the mean separation, 
Ai-Bi, being 124. 

Table I. — The Less Refrangible System (a). 



Wave- 
' length 

o 
( JL.XX. ). 



Inten- 
sity. 



n. 

Wa?e- 

number 

in vacuo. 



Designa- 
tion. , 



m. 



P> 



An 
0~C. 



Remarks. 



63 



71-2 



63 



65 
21 



1 
•3 



61 



61 



15-7 

63-5 
57*8 
16*2 
10*3 



57 



56 



25'4 
21-5 
85*3 
80*9 



55 



50*0 
45*9 

^07 -5 



53 



53 



53*0 
49-6 
17-3 
13'7 



50 



50 



42-4 
39*1 
10*9 
07*4 



8 



8 



3 



6 



15691 
15706 
15815 
15829 

16220 
16235 
16346 
16361 

17461 
17473 

1 7584 
17598 

18013 
18026 
18138 
18152 

18676 
18688 
18801 
18814 

19826 
19839 
19951 
19965 



B 2 






—.9 


A 2 


60 


74 




-2 


A. -t 






-1 


B 2 






-2 


A 2 


61 


75 






A-i 






2 


B 2 






1 


Bx 


60 


75 






A, 






1 


B 2 






1 


Bi 

A 2 


61 


76 


1 

2 


A, 






3 


B* 






-1 


Bj 

A 2 


59 


75 


-2 



Ai 









B 2 






1 


B! 

A 2 


61 


77 


! 

1 1 


Ai 






2 ] 



Wave-numbers enclosed in 
brackets are estimated from 
the regularity of the system. 
In each case it has not been 
possible to measure the head 
for some reason which is 
cited. 

Measured intervals ($n), 
Aj-A^ B 1 -B 2 , vary be- 
tween 11 and 15 ; mean 
= 13. Mean measured sepa- 
ration Ax-Bx = A 2 -B 2 - 124. 
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Table I.— The Less Kefrangible System {a) — continued. 



A. 

"Wave- 
length 

(LA.). 



4885 -3 
4855 *2 



47 

47 



46*2 
43*3 
17*9 
15*2 



46 



45 



12*0 

88-3 

85*4 



4361 -7 

41 *4 



43 



39*0 



42 



42 






41 



40 



40 



38 



48-9 
46-4 
27*1 

24-7 

45 *1 
43-1 
23*6 
21*6 

37*0 
35*1 
16*7 
14*6 

48*5 
46*9 



Inten- 
sity. 



3677 *3 



36 



.62 *2 



60*1 



35 



35 



25*9 
24*1 
11*4 
09-6 



33 



87*6 



33 



86*1 
74*2 

72*7 



10 



9 



5 



6 



8 



6 



n. 

Wave- 

number 

in vacuo. 



20464 

[20477] 

20591 

[20604] 

21064 
21077 
21190 
21202 

21663 
21677 
21789 
21802 

[22907] 
22920 
23028 
23041 

23529 
23543 
23650 
23664 

24118 
24130 
24244 
24256 



28354 
28368 
28471 

28485 

29511 

29524 
29628 
29641 



Designa- 
tion. 



24764 


B, 


24776 


B, 


24889 


A 2 


24902 


A l 



B 2 

B 2 
Aj 

B 2 

Bi 

Ai 

B 2 

Bi 

A 2 

Ai 

B 2 
Bi 

■Ai 

B2 

Bi 

A 2 
Ai 

B 2 
B, 

A 2 
Ai 



25977 i 


B 2 


25988 S 


Bi 


[26104] 


A 2 


[26117] 


Aj 


[27173] 


B 2 


27186 


B, 


27299 


2 


27314 


jA |_ 



B 2 

A 2 

Jd 2 

1 
A 2 

Ai 



w. 



59 



60 



61 



60 



61 



59 



60 



59 



58 



57 



56 



p. 



76 



77 



78 



78 



79 



78 



79 



79 



79 



79 



79 



An 
O-C. 



3 








2 
1 

2 

-t 






5 

2 

2 

4 
5 
1 
2 

•1 

•2 
1 


1 


2 
2 

-5 

•7 



5 
3 
1 


1 

•7 
■6 

1 

1 

-6 

-6 



Remarks. 



Feeble and confused. 



Confused by structure lines 
from B x of same band. 



Masked by structure lines of 
ON bands (X3883 group). 

Confused by structure lines 
from B x of same band. 
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Table II. — The Less Kefrangible System {a). Wave-numbers of Heads A 2 . 



m 
61 

60 

59 

58 

57 

56 



79 



78 



77 



76 



75 



74 



23650 

1239 

24889 

1215 



1861 



1861 



21789 

1239 

23028 

1216 



1838 



1813 



1838 



1814 



18138 1792 16346 

1238 1238 

[19376]* 1792 17584 1769 15815 

1215 1217 

20591 1790 18801 



19951 

1239 

21190 

1215 

[26104]t i860 24244 1839 [22405]$ 1814 

1195 

27299 

1172 

28471 

1157 

29628 

* Band riot developed. 

t Masked by CN bands (a 3883 group). 

J Feeble, confused by structure lines of strong band from B 2 — [22907] . 

The wave-numbers in brackets are estimated values. 

In the discussion of the distribution of the bands it will therefore 
be sufficient to consider one — say, A 2 — of the four heads of each band. 
Table II shows the wave-numbers of the heads A 2 arranged in groups 
similar to those of the bands of cyanogen,* and of silicon nitride.f Thus, 
the heads A 2 may be represented by a Deslandres equation, 

n = A + B(m + ^) 2 + G(^ + 7r) 2 , 
in which A, B, and C are constants, m and p take successive integral values 
for consecutive values of n in vertical and horizontal directions respectively, 
while fju and ir are fractional terms. B and C are respectively equal to half 
the common differences in the progressions formed by the tabulated intervals 
(or " first differences ") in the vertical and horizontal directions. 

Adopting as the means of the " second differences " the values 20*40 and 
23*70 (which are partly derived from the measures of the more refrangible 
system, /3|) the equation becomes 

n M = 11*85 (^ + 0*04) 2 -10*20(m + 0*18) 2 -12203. 

The same equation will include the other three heads if the constant A be 
altered in accordance with the constant intervals 13 and 124. Tor the com- 
plete representation of System a the constant A takes the values : — 

B 2 -12327 

B x -12314 

A 2 -12203 

A x -12190 J 



13 



13 



124 



* Fowler and Shaw, ' Roy. Soc. Proc.,' A, vol. 86, p. 125 (1912). 
+ III, p. 191. 
I See p. 129. 



126 



Mr. W. Jevons. 



The values of m and p for the observed bands are shown in both tables, and 
the differences (A n) between observed and calculated wave-numbers are given 
in Table I. 

The More Refrangible System (/3). 

This system has a close resemblance to the silicon nitride spectrum, the 
bands in each case having single heads. Data relating to all the bands 
observed in the more refrangible region are included in Table III whether 
they belong directly to System ft or not, while in Table IV the wave- 
numbers of the heads in System ft are arranged in a manner similar to that 
already indicated for System a. The bands are more numerous than in the 
less refrangible system, and the determination of the constants of the 
Deslandres formula is therefore rendered more exact. 



Table III. — The More Eefrangible Bands. 



x. 

Wave-length 
(I.A.). 



•1 
•2 
*3 
♦5 



3496 -0 
3476 
3460 '9 
3442 '6 
3369 -3 
3353 -3 
3303 -0 
3290 *5 
3256 *4 
3241 *5 
3209 
3196 
3181 
3162 
3148 'I 
3134 '2 
3117 -0 
3088 *5 
3069 -8 
3043 -4 
3035 *0 
3024 -1 

2999 *5 
2978 '3 
2956 '3 
2934 -7 
2912 -0 
2891 *9 
2885 '2 
2877 '4 
2868 '8 
2850 -4 



Inten- 
sity. 



3 

4 
3 
6 
4 
4" 
6 
3 
5 
6 
5 
6 
8 
6 
5 
9 
8 
10 
6 
8 
4 
3 

9 

8 
6 
8 
6 
10 
5 
2 
7 
9 



n. 
Wave- 
number 
in vacuo. 



28596 
28760 
28886 
29040 
29672 
29813 
30267 
30382 
30700 
30841 
31153 
31278 
31425 
31612 
31756 
31897 
32073 
32369 
32566 
32848 
32940 
33058 
[33073] 
33329 
33567 
33816 
34065 
34331 
34569 
34650 
34744 
34848 
35073 
[35262] 



System j8. 




60 



72 



_1 



Remarks. 



ft. 



ft. 



ft. 



Head not developed. 



ft. 



ft. 



Head not developed. 
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Table III — continued. 



x. 



Wave-length 
(LA ). 



2826 
2809 
2793 
2767 
2753 
2747 
2743 
2726 
2713 
2703 
2686 
2675 
2672 
2664 
2635 
2625 
2620 
2596 
2587 
2581 
2558 
2551 
2544 
2542 
2513 
2507 
2505 
2493 
2488 



2436 
2433 

2427 

2398 

2364 

2331 
2330 
2299 

2297 

2264 
2263 
2234 
2232 
2202 
2199 
2176 
2172 
2145 
2140 



8 
7 
7 
7 
2 
7 
5 
9 
6 
3 
9 
2 
8 

7 
4 
3 
2 
9 
6 
8 
2 
1 
4 
4 
5 
3 
7 



3 

2 

1 
2 
9 


6 
2 

5 

4 
9 
8 
3 
7 
3 
8 



Inten- 
sity. 



n. 

Wave- 

iramber 

in vacuo. 



System /3. 



m* 



p. 



An 
0-0. 



Remarks. 



3 


35366 








8 


35581 


62 


75 


-1 


8 


35784 


59 


73 


-2 


6 


36120 








9 


36311 


60 


74 





2 


36383 








6 


36439 


57 


72 


-1 


6 


36661 








8 


36841 


61 


75 


1 


8 


36981 


58 


73 


-2 


6 


37207 








9 


37369 


62 


76 


-3 


2 


37403 








7 


37527 


59 


74 


-2 


2 


37930 








8 


38078 


59 


75 





3 


38152 


57 


73 . 


-7 


7 


38507 








8 


38630 


61 


76 





8 


38724 


58 


74 


-2 


7 


39070 








10 


39186 


62 


77 





10 


39295 


57 * 


75 





6 


39321 








6 


39775 








,8 


39869 


60 


76 


1 


6 


39904 


57 


74 


2 


4 


40089 








4 


41079 








— 


[40447] 


61 


77 


— 


— 


[40492] 


57 


75 


— ■ 


10 


41023 


62 


78 


-1 


8 


41086 


59 


76 





3 


41175 








— ■ 


[41669] 


57 


75 


— 


10 


41684 


60 


77 


2 


9 


42085 


T58 
161 


76 

78 


i} 


8 


42885 


62 


79 





7 


42902 


59 


77 


2 


3 


43467 


57 


76 


7 


5 


43522 


60 


78 


2 


— 


[41100] 


58 


77 


— 


10 


44144 


61 


79 


1 


6 


44171 








6 


44739 


59 


78 


2 


2 


44781 






* 


9 


415381 


60 


79 





4 


4t0^lnlJTb 








3 


45936 


58 


72 


2 


1 


46011 








5 


4659J 


59 


79 





2 


46697 









ft. 

ft. 

ft. 

ft. 

ft- 
ft. 
ft. 

ft. 



"[Possibly present, but masked by N 
J band (X2479, 3rd positive group). 



Masked by next strong band (A2398 '3). 



Two heads superposed. 



Masked by next strong band (X2264 '6). 
ft, 

ft. 
ft. 
ft. 
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It is at once evident that the intervals 1237... and 1861... of Table II 
occur also in Table IV, and that the common differences in the progressions 
have the same two values in both systems of bands. The constants of the 
formulae have, therefore, been evaluated from observations of the two systems 
jointly, and the same values adopted for both. The mean " second differences " 
in the rows and columns of Tables II and IV are 23*70 and 20*40, and the 
equation representing System j3 is 

n p = 11*85 (p + 0-04) 2 - 10*20 (m + 0'l8) a + 8291, 

in which m and p take the integral values indicated in Tables III and IV. 

The ranges of m and p are very nearly the same in the two systems. Thus 
it results that the equations differ only in the values assigned to the constant 
A, i.e. four suitable shifts of System /3 (or a portion of it) bodily on a scale of 
wave-numbers will suffice to reproduce the quadruple head System a. 

Subsidiary Systems. 

In addition to the two chief systems of bands (a and /3) already considered, 
there is evidence of other systems which are only comparatively feebly 
developed. These, however, are not entirely independent of the main 
System /3, since the heads are single, and the intervals and second differ- 
ences are of the same orders of magnitude. Two such subsidiary systems 
have been recognised, and may conveniently be designated /3i and fa. The 
positions of these bands are included in Table III, and their inter-relations 
are indicated in Table V. 

Table V. 

System fii. 
;39070 1863 37207 1841 35366 1816 [33550]* 1794 31756 



1300 


1295 1298 


1302 




38507 


1846 36661 1813 34848 1790 


33058 




1268 


1269 1272 


1273 




39775 


1845 37930 1810 36120 1789 
* Masked by band 33567 of System 0. 

System ^ 2 

44171 

1273 

45444 

1253 

46697 1916 44781 

1230 

46011 


34331 


1765 32566 



130 Mr. W. Jevoiis. 

Origin of the New Bands. 

In the course of the experiments on boron trichloride in active nitrogen, a 
white solid substance was deposited on the inside of the afterglow tube. With 
a view to gaining some evidence as to the origin of the new bands this 
substance was removed and submitted to a Nessler test, which amply proved 
the presence of nitrogen in the deposit. 

In order to investigate the possibility of chlorine being necessary for the 
development of the bands, the vapour of another boron compound not con- 
taining chlorine was substituted for the trichloride. The compound selected 
was methyl borate (d^^BOs, a colourless liquid, not so volatile as the 
trichloride — boiling point 72° C. It was prepared by passing the vapour of 
the trichloride into pure methyl alcohol cooled in a freezing mixture. Excess 
of HC1, one product of the reaction, was removed by bubbling dry air through 
the resulting liquid for some time, and the product was further purified by 
fractional distillation. The glow produced by the introduction of this sub- 
stance had not the pale blue-green colour of the former glow, but was 
obviously contaminated by the purple cyanogen glow. The spectrum con- 
sisted of the boron lines, the cyanogen and nitrogen bands, and the new bands 
under consideration. It therefore results that chlorine does not enter into 
the question. 

The latter conclusion was confirmed by an observation of the spectrum of 
boron trichloride in a vacuum tube provided with a quartz window. The 
vapour was obtained in such a state of purity that no nitrogen bands were 
present. The new bands were entirely absent. 

It is evident, therefore, that while boron and nitrogen are concerned in the 
development of the bands, no other element appears to be necessary for their 
production. They have therefore been attributed to boron nitride. 

A search for the nitride bands in the green flame produced by methyl borate 
in the bunsen flame proved to be unfruitful. This spectrum contains only 
the oxide bands as observed by Weith * and later by Eder and Valenta.f 

The non-disruptive spark spectrum of boron was also investigated with a 
view to determining whether the nitride bands were produced. This experi- 
ment was rendered possible by the kindness of Sir William Crookes, who 
supplied a sample of the melted boron (prepared by Dr. Weintraub|) used by 
him in 1911 in his work on the boron line spectrum. Photographs of the 
spectrum of the spark in an atmosphere of nitrogen showed no trace of the 
nitride bands, even when sufficient self-induction was included in the circuit 

* ' Chem. Centralbl.,' vol. 7, p. 164 (1876). 

t ' Denkschr. Wien. Akad.,' vol. 60, p. 467 (1893). 

% 'Trans. Amer. Eleetrochem. Soc./ vol. 16, p. 165 (1909). 
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to develop strongly the band spectrum of nitrogen. In an atmosphere of 
oxygen the oxide bands were similarly absent, even with the self-induction in 
the circuit. Lecoq de Boisbaudran,* however, observed these bands in the 
spark, using a hydrochloric acid solution of boric acid. Eder and Yalenta, 
and Hagenbach and Konen, have also observed the oxide bands in the uncon- 
densed spark spectrum of boric acid. 

Occurrence in the Arc. 

If boron nitride is the true origin of the new spectrum, then since this 
compound is formed when nitrogen is passed over heated boron, the bands 
would be expected to occur in the boron arc in air or nitrogen, just as the 
cyanogen bands are developed in the carbon arc. Although much work has 
been done on the arc spectrum of boron compounds (chiefly boric acid and 
anhydride), the only bands which have been recorded in addition to the 
oxide bands already referred to above are some observed by G. Kuhne. f 
Kuhne photographed the flame and arc spectra of boric acid by means of 
the 21-ft. concave grating at Bonn, and measured structure lines emanating 
from four single heads, which are stated to be at W 5022*19, 5046*79, 5515*02, 
5552*98. These degrade to the red, and are designated by Kuhne A, B, C, D, 
respectively. The series from A and C were found to consist of single 
lines and those from B and D of doublets. The figures in the boron nitride 
spectrum (Table I) nearest to those quoted above are respectively 

. n 10*9 . n 42*4 --11-9 ..50*0 

OU 07"5' 0U 39*1 J °°07-5/ 00 45*9 ' 

belonging to two of the strong bands of System a. The agreement, however, 
is not near enough to do more than barely suggest identity. Moreover, while 
the nitride heads are double, Kiihne's are described as single, and no mention 
is made of other heads having wave-lengths correspondingly near other strong 
bands of the nitride system. 

The arc spectrum of boric oxide was photographed with the same two 
spectrographs as were used in the afterglow experiments. The headless oxide 
bands are the most prominent feature of the spectrum. (Plate 2, strip 1). 
Cyanogen bands and lines due to impurities are also present, and super- 
position of afterglow photographs led to the detection of the strongest of "the 
nitride heads of System a in the arc spectrum. 

The intervening fainter heads of System a have not been detected in the 
arc owing partly to the confusion caused by the presence of the oxide 

* ' Spectres Lumineux/ p. 193, Paris, 1874. 

t < Zeitsch. f. Wiss. Pliotog.,' vol. 4, p. 173 (1906). 
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spectrum, and also, perhaps, to certain modifications of intensity presently to 
be described in connection with the more refrangible bands. 

On none of the arc photographs was it possible to detect any heads near 
the four positions given by Kuhne other than those already mentioned. In 
each case the present measurements result m smaller wave-lengths than 
Kiihne's corresponding value. A possible explanation of the discrepancy, 
assuming the identity of the bands, would be that, on account of the high 
dispersion employed and the ill-defined nature of the heads in the arc, Kuhne 
misjudged the positions of the heads A 2 and B 2 , and entirely missed the 
second heads, Ai and Bi, of the doublets. 

Similar results were obtained in the case of elemental boron in the arc in 
air, and in nitrogen; in the latter case the oxide bands occurred with 
relatively diminished intensity but were never entirely absent, as would 
be expected if oxygen could be totally excluded. Photographs of the 
elemental boron arc in an atmosphere of oxygen were consistent with the 
nitride origin of the new spectrum ; for, although the less refrangible system 
was feebly present, the more refrangible bands were generally absent. The 
•experiment, however, was not regarded as very important, as with the 
arrangement employed it was uncertain whether all the air was displaced 
by oxygen. 

In the far ultra-violet region, not confused by the superposition of other 
bands, the difference between the nitride bands (System j8) in the arc and 
the afterglow is mainly one of intensity. As in the visible region, the strong 
heads are well defined in the arc, but in addition to these the intervening 
feebler heads are sometimes discernible. In the afterglow the heads are much 
better defined, and the structure lines fall off in intensity much more rapidly 
as their distance from the head increases than is the case in the arc. Thus 
the feebler heads stand out distinctly above the structure lines from the 
preceding strong head in the afterglow ; while in the arc they are almost 
entirely masked by the intense structure lines. 

This contraction of the bands in the afterglow relatively to the arc may be 
a direct result of the diminished pressure. A similar contraction is observed 
in the cyanogen bands as produced in the electric discharge through a. 
cyanogen tube, compared with the same bands developed in the carbon arc 
at atmospheric pressure.* Cases are known, also, in which bands are shorter 
in the afterglow than the same bands in the electric discharge, e.g. the nitrogen 
bands of group Y.f 

* Fowler and Shaw, loo. cit, Plate 7. 
+ T, Plate 10, fig. 36. 
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Comparison with Carbon and Silicon. 

Boron, the only non-metallic element in its group (III) in the Periodic- 
Classification, is well known not only to have similar general chemical 
properties to the other elements (aluminium, gallium, etc.) of the same 
trivalent group, but also to bear some striking analogies to the tetravalenfr 
non-metals, carbon and silicon, of the next group (IV). 

The behaviour of the vapours of its compounds in the afterglow is now 
shown to be a new instance of this resemblance. Compounds of all three 
elements develop the spectra of the products of their reactions with the 
active nitrogen, and not merely the spectrum of the substance introduced, or 
the line spectrum of the element itself, as in the case with the tetrachloride 
of titanium,* a metal of the carbon group. Moreover, in each of the three 
cases under consideration the product is the nitride of the element. Although 
the spectra of the three nitrides may each be analysed into groups and repre- 
sented by equations, of the general type given by Deslandres, yet marked 
differences in the constitution of the bands themselves occur in the three- 
spectra. Silicon nitride has the simplest spectrum, consisting of one system 
of bands with single heads degraded towards the red. Thus it resembles the 
more refrangible system (/3) of boron nitride. The quadruple head system (a) 
of boron nitride has no real counterpart in the nitrides of the other elements.. 
Of the two cyanogen systems, the less refrangible has triple heads degraded 
towards the red, and the more refrangible (comprising the well-known groups, 
at X 4216, 3883, and 3590) has single heads degraded in the opposite direction. 
Both these systems are well developed in the afterglow together with the 
associated " tails."f 

Summary. 

1. The interaction of active nitrogen and boron trichloride, or : methyl 
borate, develops a band spectrum extending from X 6371 to at least X2140, 
with well defined heads degraded throughout towards the red. 

2. The new spectrum consists mainly of two distinct systems, in the less 
refrangible of which each band consists of four heads, forming two close 
doublets. The more refrangible system has single heads, and thus resembles 
the silicon nitride spectrum described in a previous paper. 

3. The wave-lengths of the heads have been measured, and the wave- 
numbers in each system have been classified and represented by formulae in 
the usual manner. 

4. Chemical and spectroscopic evidence has established that the origin of 

* III, p. 192. 
■\ II, p. 115. 
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the spectrum is boron nitride. Boron, carbon, and silicon compounds are 
thus alike in developing nitride spectra in the nitrogen afterglow. 

5. The boron nitride bands, like those of cyanogen, are produced in the 
lectric arc spectrum, where they occur together with bands of the oxide. 
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DESCRIPTION OF PLATE. 

Strip 1. Boron arc, showing the wavy, headless oxide bands and the strongest nitride 

heads (faintly). 
Strips 2-6. Boron trichloride in active nitrogen, showing the nitride bands. 

2, 3, and 4. Less refrangible system (a). 

5 and 6. More refrangible system (0), and bands of subsidiary systems (I3 1 and (3 2 ). 

Impurities — Sn lines, Hg line (X 2536), and CN bands. 



Hermanns Phenomenon. 

By George Stanley Walpole, D.Sc, F.I.C., Wellcome Physiological 

Eesearch Laboratories, Heme Hill, London, S.E. 

(Communicated by Prof. F. G. Donnan, F.K.S. Eeceived November 17, 1914.) 

In 1887, Hermann*' published an account of some experiments from which 
he drew the conclusion that when an electric current passed from a dilute' 
solution] of a salt, such as sodium sulphate, to one more concentrated, a 
liberation of acid took place at the boundary layer between the two fluids ; 
also, that * when the current passed in the opposite direction alkali was 
liberated at the same place. His experimental difficulties were considerable, 
but the facts were firmly established, though it is only to be expected that 
their repetition and amplification to-day should suggest another interpretation 
to thatlput forward 27 years ago. 

Strangely enough, although these phenomena were cited by early physio- 

* ' Gottinger Nachrichten,' 1887. 



